A variety of antibiotic and chemotherapeutic agents were tested for their ability to inhibit the development of dental caries in Sprague-Dawley rats receiving the drugs in a coarse-particle sucrose-containing diet. Drugs which inhibit grampositive microorganisms were effective inhibitors of caries, whereas agents which are active solely against gram-negative bacteria did not inhibit caries development. In vivo efficacy of the agents tested generally, but not invariably, paralleled in vitro inhibition of the growth of Streptococcus mutans strain FA-1, an organism which was isolated from carious Sprague-Dawley rats and which is known to induce caries in gnotobiotic Sprague-Dawley rats. Caries was significantly inhibited when I-ephenamine penicillin (20 units/mg) was administered intermittently in the diet, 1 day per week or 1 week of every 4 weeks, but protection against caries was greatest when the same amount of the drug was fed continuously.
The original observation by McClure and Hewitt (19) that experimentally induced dental caries in the rat could be inhibited by the administration of penicillin in the diet and drinking water has been repeatedly confirmed and extended to other antibiotics and other test animals [see Shaw (24) and Bibby (1) for reviews of earlier literature]. Comparisons of the anticaries effects with the antimicrobial spectra of individual antibiotics indicated that caries development was most probably associated with the activities of one or more members of the gram-positive segment of the oral microflora (5, 25) .
This concept received convincing support from studies with gnotobiotic rats in which monoinfection with an enterococcus resulted in the induction of typical carious lesions (21) . Subsequent investigators showed the cariogenic potential of Streptococcus mutans (2, 4, 11) in gnotobiotic rats or conventional hamsters which did not normally harbor a caries-conducive microbiota (7, 8) . Other investigators have since confirmed these findings and added additional species to the list of strains which can induce caries in rats or hamsters. At present, all known cariogenic strains are gram-positive. With the exception of certain filamentous organisms which cause root surface lesions, but not coronal caries (13, 15) , all are either streptococci or lactobacilli (6) . The significance of these observations has been enhanced by the finding that strains of streptococci closely related to some of the animal types have been isolated from human tooth surfaces and have also induced caries in animal test models (28) .
These discoveries have rekindled interest in the role of specific microorganisms as a major factor in caries and have evoked the suggestion that effective control measures for this disease must ultimately include a means of controlling the microbial vectors (9, 23) .
In the studies to be described, a number of antibiotic agents were tested for their inhibitory effects on the development of dental caries in a rat model system.
MATERIALS AND METHODS
Animal test system. Female Sprague-Dawley rats from the National Institutes of Health Animal Production Unit were put on test immediately after weaning at 21 days of age. Animals were randomly distributed into units of three per cage, and were housed in stainless-steel cages with 1.27-cm wiremesh floors. Animal weights were recorded at the beginning of the test and at biweekly intervals thereafter. At the commencement of these studies, the Sprague-Dawley rats normally harbored a cariesconducive microflora as evidenced by consistently high caries activity over a period of several years when challenged with appropriate diets.
Diet. The coarse-particle Diet 585 of Stephan et al. (25) was selected as the test diet on the basis of prior experience which indicated that it was highly caries-conducive in the Sprague-Dawley rats. The lesions which developed were located in the molar sulci, most frequently in the first and second mandibular molars. Diet 585 is composed of 30% whole milk powder (Land O'Lakes), 42% yellow hominy 296 grits (Quaker Oats Co.), 25% granulated sucrose (Domino), 2% whole liver powder (Wilson Laboratories), and 1% salt mixture (25 (12) , in which the glucose concentration was 0.4%.
Screw-capped culture tubes containing 10 ml of this medium and dilutions of the test drugs were inoculated with a 24-hr culture of strain FA-1 diluted so that the inoculum contained approximately 104 colony-forming units. After 48 hr of incubation at 37 C in an atmosphere of 95% nitrogen and 5% carbon dioxide, the concentration of drug at which growth was inhibited by 50% or more was considered the minimal inhibitory concentration (MIC).
The FA-1 strain of S. mutans was originally isolated (7) from a Sprague-Dawley rat, and serologically identical strains have been repeatedly isolated from these animals since that time.
RESULTS AND DISCUSSION Diet 585 does not support the development of smooth surface lesions on the rat molars, probably because of its abrasive physical characteristics (18) . Lesions are confined primarily to the molar fissures, and the carious process is apparently intensified in these areas both because the coarse hominy grits promote impaction of diet deep into the sulci and because they tend to enlarge carious lesions by mechanically debriding softened tooth structure. This test system is considered to represent a more severe test of an anticaries agent than that posed by fine-particle diets, on which smooth surface lesions also develop, because there is some evidence that caries of all types are much more susceptible to inhibition by antibiotics when fine-particle diets are used than when coarseparticle diets are used (5) . Table 1 summarizes the results of a number of individual experiments in which various antibiotics were contained in Diet 585. The average number of carious teeth per animal, the average number of carious surfaces per animal, and the average caries score (3) are shown. Although Cox et al. (3) cautioned that' their caries score is not linearly derived and therefore not strictly amenable to statistical analysis, in our experience with Diet 585 the caries score gives a fairly close approximation of the amount of tooth structure destroyed. We have utilized these scores only to make statistical comparisons between the untreated control group and individual drugtreated groups.
In several cases, e.g., subtilin and nalidixic acid, increased caries over control scores was noted. In these cases, since growth rates and food consumption were not affected and there were no other overt signs of toxicity, the drug may have inhibited some members of the oral microbiota which normally compete with the cariogenic organisms within the oral or intestinal ecosystem. Subtilin affects gram-positive microorganisms almost exclusively, but it was not inhibitory to the growth of S. mutans in vitro at levels up to 40 jig/ml (Table 3) . It is therefore possible that this antibiotic inhibited other gram-positive organisms which might have competed with S. mutans. Nalidixic acid, which inhibits gram-negative microorganisms, may have produced a more favorable environment for the proliferation of the gram-positive cariogenic microflora.
One drug, anisomycin, resulted in an apparent inhibition of dental caries, although it has no antibacterial activity, being effective against a number of protozoa and fungi (26) . In this case, VOL. 1, 1972 The caries score is the sum of the number of various surfaces multiplied by a severity factor of 1, 2, or 3, to denote enamel caries, penetration of the dentin, or deep dentinal penetration, respectively. The initiation and progression of dental caries require the colonization of potentially cariogenic microorganisms directly on the tooth surfaces in masses called dental plaque deposits (6) . It A certain risk of undesirable effects accompanies the use of any therapeutic agent for whatever purpose. However, the likelihood that administration of anticaries drugs might eventually be widespread throughout population groups, and most probably for extended periods of time, would undoubtedly tend to increase the chance for untoward effects to materialize. Therefore, the ideal anticaries agent should possess the following properties: (i) a relatively narrow antimicrobial spectrum, preferably confined to cariogenic microorganisms; (ii) a high therapeutic index and a very low order of toxicity; (iii) a very low potential for the induction of resistant microorganisms; (iv) a very low potential for allergenicity; (v) low susceptibility to inactivation by substances within the oral cavity (but susceptibility to destruction in the intestinal tract would be desirable); (vi) a rapidly bactericidal mode of action, preferably combined with a selective affinity for teeth or microbial dental plaque deposits; (vii) high stability under conditions of storage and compatability with components of the vehicle in which it is formulated; (viii) no unpleasant organoleptic properties; (ix) relatively inexpensive to manufacture in a pure state and to compound in a therapeutic vehicle which is convenient to apply; (x) long lasting efficacy with relatively few applications; and (xi) not in general use for other therapeutic applications.
It is not very likely that a single antimicrobial drug will be found that possesses all of these qualities, but it is reasonable to expect that some agents possessing enough of these properties to be worth testing in humans could eventually be developed. At (27) have already been proposed as control agents for human dental health purposes. 
